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CLAIMS 

What is claimed is: 

1 1. A method for deteraiining an axial force acting on each one of a plurality of roller 

2 cones on a roller cone bit during drilling, comprising: 

3 calculating, from a geometry of cutting elements on each of the roller cones and 

4 an earth formation being drillWl by the drill bit, an axial force acting on each of the 

5 cutting elements; \ 

6 incrementally rotating the^it and recalculating the axial forces acting on each of 

7 the cutting elements; \ 

8 repeating the incrementally rotating and recalculating for a selected number of 

9 incremental rotations; and \ 

10 combining the axial force acting on the cutting elements on each one of the roller 

11 cones. \ 

1 2. The method as defined in claim 1 wherein the axial force acting on each of the 

2 cutting elements totals an axial force applied to thp/drill bit. 

1 3. The method as defined in claim 2 ymerdn an incremental axial movement of the 

2 drill bit corresponding to the incremej^fally rotating is adjusted to cause the axial force on 

3 each of the cutting elements to tojmthe axial force applied to the drill bit, the axial force 

4 acting on each of the cutting elements determined with respect to a predetermined 

5 relationship between dopti/of penetration and axial force applied for the cutting element 

6 geometry and the eartb^ormation. 
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1 4. The method as defined in claim 3 wherein the predetermined relationship is 

2 "detemiin^^ comprising impressing a cutting element having 

3 known geometry onto a selected earth formation, while^easiiriTrg4bi;cs.onthe cutting 

4 element and a corresponding depth of penetration of the cutting element into the selected 

5 earth formation. 

1 5. A method for determimng a volume of formation cut by each one of a plurality of 

2 roller cones on a drill bit drillinjg in earth formations, comprising: 

3 selecting bit design parameters, comprising at least a geometry of a cutting 

4 element on the drill bit; \ 

5 selecting an earth formation; \ 

6 calculating from the selected biVdesign parameters and the selected earth 

7 formation, parameters for a crater formed when each one of a plurality of cutting 

8 elements on each of the roller cones contacts the earth formation, the parameters 

9 including at least a volume of the crater; \ 

10 incrementally rotating the bit, and repeating the calculating of the crater 

1 1 parameters for a selected number of incrementalVotations; and 

12 combining the volume of each crater formed by ea\h of the cutting elements on each of 

13 the roller cones to determine the volume of formation cut by each of the roller cones. 
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1 6. The method as defined in claim 5 wherein the volume of each of the craters is 

2 determined by: 

3 \ determining an axial force on each of the cutting elements; 

4 \ calculating, from the axial force on each of the cutting elements, an expected 

5 depth ofWnetration and projected area of contact between each of the cutting elements 

6 and the eartrKformation; and 

7 calculatihg the volume of each of the craters from the expected depth of 

8 . penetration and pro^ted area of contact. 

1 7. The method as defihed in claim 6 fiirther wherein the axial force acting on each of 

2 the cutting elements totals an^al force applied to the drill bit. 

1 8. The method as defined in damn 7 wherein an incremental axial movement of the 

2 drill bit corresponding to the incrementaHy rotating is adjusted to cause the axial force on 

3 each of the cutting elements to total the axial force applied to the drill bit, the axial force 

4 acting on each of the cutting elements determined with respect to a predetermined 

5 relationship between depth of penetration and axial force applied for the cutting element 

6 geometry and the earth formation. \ 

1 9. The method as defined in claim 8 wherein the predetermined relationship is 

2 determined by laboratory experiment comprising impressing asputting element having 

3 known geometry onto a selected earth formation, while measuriAc force on the cutting 

4 element and a corresponding depth of penetration of the cutting elenient into the selected 

5 earth formation. \ 
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10. A method for balancing axial forces acting on each one of a plurality of roller 

2 cones on a roller cone drill bit during drilling, comprising: 

3 calculating, from a geometry of cutting elements on each of the roller cones and 

4 an earth formation being dmlled by the drill bit, an axial force acting on each of the 

5 cutting elements; \ 

6 incrementally rotating me bit and recalculating the axial forces acting on each of 

7 the cutting elements; \ 

8 repeating the incrementallV rotating and recalculating for a selected number of 

9 incremental rotations; \ 

10 combining the axial force actmg on the cutting elements on each one of the roller 

1 1 cones; and \ 

12 adjusting at least one bit design parameter, and repeating the calculating the axial force, 

13 incrementally rotating and combining theVxial force, until a difference between the 

14 combined axial force on each one of the roller cones is less than a difference between the 

15 combined axial force determined prior to adjusting the at least one initial design 

1 6 parameter. \ 

1 11. The method as^d^med in claim 10 wherein^ the axial force acting on each of the 

2 cutting elements totals an a^^aHbrce applied to the drill bit. 

1 12. The method as defined in claim iTs^erein an incremental axial movement of the 

2 drill bit corresponding to the incrementally rotatk^e is adjusted to cause the axial force on 

3 each of the cutting elements to total the axial force ap^i^d to the drill bit, the axial force 

4 acting on each of the cutting elements determined with respebtsto a predetermined 

5 relationship between depth of penetration and axial force applied foNt|ie cutting element 

6 geometry and the earth formation. 
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13. The method as defined in claim 12 wherein the predetermined relationship is 
4etermined by laboratory experiment comprising impressing a cutting element having 
known^eoQietry onto a selected earth formation, while measuring force on the cutting 
element and a con^Sspcoiding depth of penetration of the cutting element into the selected 
earth formation. 

14. The method as defined in claim 10 wherein theatleag^ne bit design parameter 
comprises a number of cutting elements on at least one of the cones>^^^^ 

15. The method as defined in claim 10 wherein the at least one bit design param^tejL 
comprises a location of cutting elements on at least one of the cones. 
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16. A method for bafancing a volume of formation cut by each one of a plurality of 

2 roller cones on a drill bit arilling in earth formations, comprising: 

3 selecting bit design parameters, comprising at least a geometry of a cutting 

4 element on the drill bit; \ 

5 selecting an earth fonriawon; 

6 calculating from the selecfed bit design parameters and the selected earth 

7 formation, parameters for a crater fom when each one of a plurality of cutting 

8 elements on each of the roller cones cbntacts the earth formation, the parameters 

9 including at least a volume of the craters 

10 incrementally rotating the bit, andNrepeating the calculating of the crater 

1 1 parameters for a selected number of increnrental rotations; 

12 combining the volume of each crater ibrmed by each of the cutting elements on 

13 each of the roller cones to determine the volume of formation cut by each of the roller 

14 cones; and \ 

1 5 adjusting at least one of the bit design parameters, Vad repeating the calculating the crater 

16 volume, incrementally rotating and combining the volume until a difference between the 

1 7 combined volume cut by each of the cones is less thanNthe combined volume determined 

18 prior to the adjusting the at least one of the bit design pai^ameters. 

1 17. The method as defined in claim 16 wherein the voUjirieof each of the craters is 

2 determined by: y< 

3 determining an axial force on each of th^/<5utting elements; 

4 calculating, from the axial force on d^h of the cutting elements, an expected 

5 depth of penetration and projected area^ contact between each of the cutting elements 

6 and the earth formation; and X 

1 calculating the volume or each of the craters from the expected depth of 

8 penetration and projected a^?ea of contact. 
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1 18. The method as defined in claim 17 wherein the axial force acting on each of the 

2 T>Qutting elements totals an axial force applied to the drill bit. 

1 1 9. Thel^^hod as defined in claim 1 8 wherein an incremental axial movement of the 

2 drill bit corresponSiQg to the incrementally rotating is adjusted to cause the axial force on 

3 each of the cutting elemfes^ts to total the axial force applied to the drill bit, the axial force 

4 acting on each of the cutting e^ments determined with respect to a predetermined 

5 relationship between depth of penetotion and axial force applied for the cutting element 

6 geometry and the earth formation. 

1 20. The method as defined in claim 16 wher^the at least one bit design parameter 

2 comprises a number of cutting elements on at least ohe of the cones. 

1 21 . The method as defined in claim 16 wherein the at league bit design parameter 

2 comprises a location of cutting elements on at least one of the con^. 

1 *23r— ^^Aniethod for optimmng a design of a roller cone drill bit, comprising: 

2 simulatinglKeTp^illii^^ a selected earth formation; 

3 adjusting at leal^t one design paramet^miheJiit;,^^ 

4 repeating the simulating thTEiTdrilling; and """"^-^-^^^^^ 

5 repeating the adjusting and simulating until an optimized design is determineH? 

1 — 2^. T he mftt h of i defined in rjnimJ^vhprHn the at least one design parameter 

2 comprises a parameter selected from the group of a numBeFoTcIitliTT^ 

3 one of a plurality of roller cones, cutting element type, and a number of rows of cutting 

4 elements on each one of the plurality of roller cones. 
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1 The method as defined in claim wherein the calculated crater parameters are 

2 derived from laboratory tests comprising a cutting element having selected geometry 

'3- — "bemg impressed on an earth formation sample with a selected force, the tests generating — 

4 at least a correspondence between penetration depth of said cutting element into the 

5 formation and the selected force. 
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1 24. The method as defined in claim 22 wherein the optimized design is determined 

2 whenva rate of penetration of the bit through the selected earth formation is maximized. 

1 25. The n^thod as defined in claim 22 wherein the optimized design is determined 

2 when axial forcebn the bit is substantially balanced between the roller cones. 

1 26. The method as defined in claim 22 wherein the optimized design is determined 

2 when a volume of formation cut by the bit is substantially balanced between the roller 

3 cones. \ 

I 1 27. The method as defined in claim 22 wherein the simulating comprises: 

\ 

■\ 2 selectmg bit design parameters\ 

3 selecting drilling parameters; \ 

4 selecting an earth formation to be represented as drilled; 

5 calculating from the selected parametei;s and the formation, parameters for a 

6 crater formed when one of a plurality of cutting elements on the bit contacts the earth 

7 formation, the cutting elements having known geometry; 

8 calculating a bottomhole geometry, wherein the crater is removed from a 

9 bottomhole surface; \ 

1 0 incrementally rotating the bit; \ 

1 1 repeating the calculating of the crater parameters and the bottomhole geometry based on 

12 calculated roller cone rotation speed and geometrical location with respect to rotation of 

13 the bit about its axis. \ 
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